INTRODUCTION
This study was designed to establish the concentrations of trace metals in sediments prior to petroleum exploration drilling or other resource development activities on the continental slope and rise off the southeastern United States (Figure 1 ).
This study is part of a cooperative, multidisciplinary program that is managed and funded by the U.S. Minerals Table 1 ) were calculated using updated additional secondary factor corrections others, 1982, 1983) . The accuracy of positioning is more dependent upon wind and current conditions than on the A 0.25-m^ box core, manufactured by Ocean Instruments, Inc., San Diego, Calif., was used to collect sediment samples for this study. The sampling box n was divided into 25 subcores of 0.01 m each. Three box cores were collected at each station. Two and occasionally three subcores from each box core were allocated for trace-metal studies.
As a precaution against metal contamination, surfaces of the aluminum subcores were precoated with teflon.
At sea, an acid-cleaned round plastic tube, 8.2 cm internal diameter was pushed into the center of the sediments collected in the teflon subcores, thereby sampling material not in contact with the coring apparatus. These tubes were capped at both ends and frozen. The length of the core samples averaged 24 cm and typically ranged from 19 to 32 cm.
Surficial sediment was sampled by partially extruding the frozen sediment from the core barrel and cutting off the top 2 cm of the sediment using a plastic utensil. To generate a blend from a single station, the material from the upper 2 cm of each of three replicates was thawed, homogenized by stirring and shaking in a closed container, and then subsampled using a syringe constructed of glass and teflon.
On selected samples, sand and coarser material were removed by washing the wet sample through a 60nim nylon sieve using filtered distilled water.
The resultant slurry was dried at <70°C in an oven having teflon-coated surfaces and a filtered nitrogen atmosphere.
Cores from selected stations were subsampled in sequential 2-cra depth intervals so that metal concentration profiles could be measured with increasing sediment depth. The frozen cores were extruded into a holding tray, thawed overnight, cut into 2-cm depth intervals using plastic utensils, and oven dried.
All samples prepared for trace-metal analysis were ground using agate grinding tools.
Field numbers (for example, S040111 and 8051300) use to identify samples in each data table have the following code: the first three characters define the cruise in the South Atlantic region; the next two characters are the station number; the sixth character is the replicate box core number; and the seventh character is the core number within the box core. The use of "00" for the sixth and seventh characters indicates that the sample is a homogenized mixture of subsamples (sample blend) from each of three replicate box cores.
The letter "X" at the end of the field number indicates that the fraction of sediment coarser than 60 micrometers has been removed from the sample. Top and bottom depth of the sample in cm below the sediment surface is listed after the field number.
TRACE-METAL ANALYSES PROCEDURES
Trace-metal analyses were made by the U.S. Geological Survey, Branch of Analytical Laboratories, Reston, Va. Concentrations of the following elements were determined: aluminum (Al), barium (Ba), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), mercury (Hg), nickel (Ni), vanadium (V), and zinc (Zn). The various procedures employed in each of the analyses are detailed below and summarized in Table 1 .
Preparation of stock solution A Exactly 0.5 g of ground bulk sediment or 0.2 g of the fine fraction was added to a covered teflon beaker and digested overnight with 5 mL of HCIO^, 5 mL of HNO^, and 13 mL of HF at approximately 140°C. The covers were removed and the temperature was increased to between 180° and 190°C, first producing shaker for six minutes to extract iron. The layers were separated, and the extraction step was repeated with an additional 10 mL of butyl acetate. The aqueous layer was evaporated to dryness at 150°C in a 50-mL beaker. The residue was dissolved and diluted to 25 mL with 1 N HC1.
Barium
The measurements for Ba were made by ICP spectrometry with 2 mL of stock solution A diluted to 4 mL with distilled H20.
Aluminum, iron, chromium, nickel, and vanadium
Concentrations of Al and Fe were determined by ICP spectrometry by using 1 mL of stock solution A diluted to 10 mL with distilled H2 0. The measurements for Cr, Ni, and V were made by injecting 20 yL of diluted (1:10) stock solution A into a graphite-furnace AA spectrophotometer.
Lead, copper, and cadmium
Fifteen mL of 0.5-percent (weight:volume) diethyldithiocarbamic acid diethylammonium salt (DDTC) in chloroform was added to 10 mL of solution B in a 60-mL separatory funnel and mixed for 10 minutes by an automatic shaker.
The chloroform layer was drained into a 30-mL beaker and the aqueous layer washed with 10 mL of chloroform. The second chloroform layer was combined with the first, and the total volume of chloroform was evaporated to dryness at 90°C. The organic matter was destroyed by adding 0.1 mL of concentrated HNOo and the solution was evaporated to dryness. This residue then was dissolved in 2 mL of warm 1 N HC1. The beaker was rinsed four times with 2-mL portions of distilled 1^0, and the solution was transferred to a small polyethylene container. The measurements for Pb, Cu, and Cd were made by injecting 20 yL of the final solution into a graphite-furnace AA spectrophotometer.
Manganese and zinc
The measurements for Mn were made by ICP spectrometry with a solution made by diluting 2 mL of stock solution B to 4 mL with 1^0. Zinc was measured by flame AA directly from stock solution B.
Mercury
Mercury concentration was determined on a separate portion of the sample. Two hundred milligrams of sediment were decomposed in a 1-oz teflon screw-top vial using 2 mL of concentrated HNO-j (J. T. Baker Chemical Co.) and 
TEXTURAL ANALYSIS PROCEDURES
Sediment samples selected from different depth horizons within the box cores were analyzed for texture by the standard pipet method (Folk, 1974) .
The specific procedures were essentially identical to those used by other contractors within this program (Blake and others, 1987) . The textural results were calculated according to the method of moments (Krumbein and Pettijohn, 1938) and were reported in whole phi units (-log2D) where D is the grain diameter in mm.
ANALYTICAL ACCURACY AND PRECISION
Analytical accuracy was determined by analyzing rock standard MESS-1.
All of the metals are within one or, at most, two standard deviations of the "best value" determined for this sediment standard (Table 2A) .
A new fine-grained sediment standard (B series, Table 2A ) established for the Georges Bank Monitoring Program (Bothner and others, 1986b) was also used during this program.
Analytical precision was determined by periodically analyzing replicate aliquots taken from a single s.ample (Table 2A) and by occasionally submitting unlabeled duplicates (Blinds, Table 2B ). The average coefficient of variation shown in Table 2A is 3.6%. Coefficients of variation greater than 10 percent were occasionally measured for Cd, Hg, Ni, and Pb determinations at concentrations less than five times the detection limit (Table 2A and 2B).
The precision of the textural analyses was determined by including a sediment standard with each batch of samples. The coefficient of variation for the clay fraction was about 5 percent.
During the early phases of this program, we evaluated the metal concentrations in surface sediments that had been in contact with different materials used in the box of the box corer. Mr. George Hampson, WHOI, suggested this experiment and provided the carefully collected samples.
To assess contamination effects from the box core sampler, we compared the metal concentrations in sediments from the center of a teflon-coated subcore (i.e., material that had not been in contact with the sampler) with sediments in direct contact with either the teflon-coated or the uncoated aluminum corer (Table 3) . Bulk sediments and the fraction <60 vim were compared. We found that the concentrations of Ba and Cr, the metals most likely to indicate the presence of drilling mud in sediments, were not contaminated by contact with the walls of the box corer. In the bulk sediments, vanadium appeared to be slightly higher in the samples collected from the edge of the teflon-coated subcore compared to the other samples. In the fine fraction, the lead values from the edges of the subcores are about 40 percent higher than in the sediment not in contact with the box-core material.
The material that was in contact with the walls of the subcore probably represent the worst case of contamination from the material used to construct the box-core sample chamber. The sediment that is routinely removed from the subcore for trace-metal analysis, however, excludes the material in contact with the wall of the subcore. We therefore conclude that contamination from the walls of the box core is insignificant. Although this test does not rule out the possibility that metal contamination could occur from flakes of material falling onto the sediment surface from the coring apparatus above the sample box, such contamination would be random and severe and should be obvious from the chemical analyses. Within this program we have observed less than five spurious values that might be explained by contamination from field or laboratory operations.
RESULTS AND DISCUSSION

Within-station variability
We determined the variability of metal concentrations both within a single box core and between replicate box cores for two stations (Table 4A,B) . Using the average coefficient of variation as an index, the within-box core and within-station variability is similar: about 10 percent at station 4 and 7 percent at station 9. The average within-station variability at other stations (Table 4C ) is 7.5 percent. The values are larger than the 4% average precision shown in Table 2 , but are much smaller than the variability between stations.
The values for within-box core and within-station variability are similar to those found in the Mid-Atlantic study (Bothner and others, 1987a ) but 
Coefficient of variation
smaller than those measured in the North Atlantic study area (Bothner and others, 1987b) where wider within-station variability in texture has also been noted.
Distribution of metals in surface sediments
The concentration of metals and textural parameters for each station occupied during Cruise 4 ( Fig. 2A , B, C and D and The concentrations of metals in these sediments are the same or lower than those measured in average shales from various locations around the world (Krauskopf, 1967) . This similarity suggests that these sediments are not As expected, the sediment fraction finer than 60 ym (Table 6 ) typically has higher metal concentrations than the bulk sample (Table 5) . (cm) S040400 S040900 S041000 S041100 S041200 S041300 S041400 S041500 S041600 S050400 505 0900 505 1100 5051200 5051300 5051400 5051500 5051600 5060400 5061000 5061100 5061200 5061300 5061400 5061500 5061600 (cm)  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2 Profiles of this type are common in areas of fine sediment on the continental shelf and slope (Bothner and others, 1981; Bothner and others, 1987a, b) . At these stations, the maximum concentrations of Pb in the upper part of the cores are as much as a factor of two higher than concentrations measured in sediments deeper than 10 cm. However, the highest concentration measured in surface sediments from this area is only 17 ppm, which is less than the value in world average shales (20 ppm; Krauskopf, 1967) . For additional perspective, the average concentration of Pb in bulk surface sediments of Boston Harbor is 145 ppm (M.H. Bothner, unpublished data, 1985) . Pb concentrations in acid-leached sediment (Luoraa and Bryan, 1978; Tessier and others, 1984) , no guidelines for "safe" levels of Pb in sediments have been established. Studies addressing this complex issue are presently funded by the Environmental Protection Agency.
Lead inventories
An inventory of the lead added to these sediments as a result of man's industrial use of lead can be estimated from the profiles of lead with sediment depth. For this calculation, we assumed that the enhanced concentrations of lead in the near-surface sediments are from anthropogenic sources. This assumption seems justified because of the evidence against lead enrichment resulting from post-depositional mobility (Bruland and others, 1974) . We also assumed that the background concentration of lead in a particular core was represented by the concentration in the lowest 5 to 10 cm and remained constant throughout the core. This background value was subtracted from the total value for each interval analyzed. Values for intervals not analyzed were interpolated and values for all intervals were summed to determine the net anthropogenic contribution. Correcting for porosity (using water content) and assuming a constant grain density of 2.7 g/cc, the inventory of added lead in ug/cm was calculated ( Figure 9 ). The estimated inventories at stations 11, 12, 13, and 16 are close (within a factor of 2) to the total atmospheric deposition ( Figure 9 ). The inventories at stations 9 and 10, at the northern edge of the study area, are higher than predicted from the atmospheric flux by a factor of 5 and 10, respectively.
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Profiles of ^iU Pb and iJ/ Cs and other bomb-produced radionuclides would be extremely useful for interpreting these different inventories of lead. At station 10, the sand content above 10 cm is about 50 percent, and about 25 percent in deeper sections of the core (Figure 10 ). Unlike the other two cores, the sand fraction at station 10 consists of 90 percent quartz.
Shell hash, foraminifera tests, glauconite and other minerals make up the remaining 10 percent. At the 32-to 34-cm interval, glauconite represented 25 percent of the sand fraction. and 10 at the northern limit of the study area have lead inventories 5 to 10 times higher than the total atmospheric deposition. This implies increased scavenging of lead from the water column at these locations.
3.
The concentrations of metals at the slope stations of this program are the same or lower than published values for average world shales. This suggests that the sediments in those areas are not enriched in trace metals by natural processes or by industrial contamination.
Appendix table 1. Navigation data for stations analyzed..for "chemistry. Values corrected for additional secondary factors (asf), (McCullough and others, 1983) .
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